Background: Patients with inflammatory bowel disease who achieve remission with antitumour necrosis factor (anti-TNF) drugs may have treatment withdrawn due to safety concerns and cost considerations, but there is a lack of prospective, controlled data investigating this strategy. The primary study aim is to compare the rates of clinical remission at 1 year in patients who discontinue anti-TNF treatment versus those who continue treatment. Methods: This is an ongoing, prospective, double-blind, multicentre, randomized, placebocontrolled study in patients with Crohn's disease or ulcerative colitis who have achieved clinical remission for ⩾6 months with an anti-TNF treatment and an immunosuppressant. Patients are being randomized 1:1 to discontinue anti-TNF therapy or continue therapy. Randomization stratifies patients by the type of inflammatory bowel disease and drug (infliximab versus adalimumab) at study inclusion. The primary endpoint of the study is sustained clinical remission at 1 year. Other endpoints include endoscopic and radiological activity, patient-reported outcomes (quality of life, work productivity), safety and predictive factors for relapse. The required sample size is 194 patients. In addition to the main analysis (discontinuation versus continuation), subanalyses will include stratification by type of inflammatory bowel disease, phenotype and previous treatment. Biological samples will be obtained to identify factors predictive of relapse after treatment withdrawal. Results: Enrolment began in 2016, and the study is expected to end in 2020. Conclusions: This study will contribute prospective, controlled data on outcomes and predictors of relapse in patients with inflammatory bowel disease after withdrawal of anti-TNF agents following achievement of clinical remission. Clinical trial reference number: EudraCT 2015-001410-10
Introduction
Anti-tumour necrosis factor (anti-TNF) agents such as infliximab and adalimumab are recommended therapies for the medical management of moderate to severe inflammatory bowel disease (IBD), that is, Crohn's disease and ulcerative colitis, particularly in patients who are steroid-refractory or steroid-dependent. 1,2 In addition to being effective for the induction of remission, anti-TNF agents are also used for maintenance therapy in patients with IBD. 1,2 Although these agents have been shown to be effective at maintaining remission, promoting mucosal healing and improving disease course and long-term outcomes, 1-4 long-term therapy might be associated with safety concerns, such as possible increased risks of opportunistic infection and malignancy, and a substantial cost. 4 Thus, it has been suggested that, after a period of stable remission, anti-TNF maintenance therapy could be discontinued in some patients.
Withdrawal of anti-TNF therapy may be associated with a risk of relapse. A meta-analysis of 27 studies found that the risk of relapse 1 year following discontinuation of anti-TNF treatment was 40% for patients with Crohn's disease and 28% for those with ulcerative colitis. 5 In a retrospective study of 1055 patients who had anti-TNF therapy withdrawn after achieving clinical remission, the rate of relapse was 19% per patient-year in patients with Crohn's disease, and 17% per patient-year in patients with ulcerative colitis. 6 Although some factors, such as mucosal healing, 7 appear to be associated with lower risk of relapse, investigations into the rate of relapse after anti-TNF discontinuation and the associated predictive factors is confounded by differences in study design, the retrospective design of most of the studies and insufficient data to allow assessment of all potential contributing factors. [5] [6] [7] In addition, many of the studies investigating outcomes following anti-TNF withdrawal enroll only a small number of patients. [8] [9] [10] [11] [12] Thus, prospective controlled data from a large, appropriately powered population are clearly needed.
It is noteworthy that there are no randomized clinical trials comparing anti-TNF discontinuation with continuation in patients with IBD. Patients who continue treatment can also experience relapse, due to loss of efficacy of long-term anti-TNF treatment, thus it is crucial that any study of anti-TNF withdrawal includes a control group, in order to compare the rate of relapse in those continuing and discontinuing therapy. 13 The aim of the present study is, therefore, to evaluate the risk of relapse in patients with IBD who discontinue anti-TNF therapy after achieving remission in comparison with those who continue receiving treatment, in a randomized controlled trial. In addition, we aim at identifying predictors of relapse, in order to select patients who can safely discontinue biologic therapy with low risk of relapse. We anticipate that the results provided by this trial will have a significant impact on how patients with IBD are managed in clinical practice.
Methods

Study design
This study was designed to prospectively investigate the effect of anti-TNF discontinuation on the risk of relapse in patients with IBD. A quadrupleblind, randomized study design was chosen, in which the patient, physician, data manager and statistician were all blinded to the patient's treatment allocation. The study is being conducted at 47 IBD hospital units across Spain, with enrolment starting in 2016 and continuing until 2019. The study is expected to end in 2020, when the last enrolled patient will complete the final followup visit. There are two strategies that are being compared: discontinuation of anti-TNF treatment versus continuation of anti-TNF after achieving remission, as shown in Figure 1 . Patients are being randomized to one of two groups (anti-TNF continuation or placebo) using a decision-tree type format and an interactive web response system. Randomization is stratified by the type of IBD (Crohn's disease or ulcerative colitis), and the anti-TNF agent (infliximab or adalimumab) at the time of study inclusion ( Figure 1 ).
The primary objective of this study is to compare the rates of clinical remission at 1 year in patients who discontinue treatment with an anti-TNF agent versus those who continue. Secondary endpoints being compared between the two groups include: the duration of relapse-free time; mucosal healing; quality of life (QoL) and work productivity; safety; and the identification of predictive factors for relapse.
As described above, the quadruple-blind study design renders the patient, physician, data manager and statistician blind to the study treatment. Only the pharmacy staff and the nurse responsible for study drug administration know the treatment assigned to any given patient. 
Treatment arms
Patients in group 1 continue their current anti-TNF treatment (infliximab or adalimumab) while patients in group 2 are given a placebo matched to the drug they were previously receiving. That is, patients who were on infliximab receive an intravenous placebo, while patients who were receiving adalimumab receive a placebo administered subcutaneously. The placebo for infliximab is provided in the same pharmaceutical form and route of administration as the active drug, while the syringes for adalimumab and its placebo are masked so they cannot be seen by the patient when the nurse is administering them. Infliximab (5 mg/kg) or infliximab placebo is administered every 8 weeks, while adalimumab (40 mg) or its placebo is administered every 2 weeks. Patients in both groups will continue to receive their usual immunosuppressant therapy (thiopurine or methotrexate).
Patients
Patients are eligible for enrolment in this study if they are aged over 18 years with IBD (either Crohn's disease or ulcerative colitis) diagnosed according to the European Crohn's and Colitis Organisation (ECCO) criteria and receiving treatment with an anti-TNF biologic (infliximab or adalimumab) and an immunosuppressant. Patients with Crohn's disease are eligible only if their anti-TNF treatment was prescribed for luminal involvement (not perianal). At the time of inclusion, patients must be in steroid-free clinical remission (see definition in the section entitled 'Endpoints') for at least 6 months at a nonintensified dose of anti-TNF and also be receiving concomitant immunosuppressants (thiopurine or methotrexate) at stable doses for at least 3 months prior to inclusion in the study. Intensified doses of anti-TNF therapy are defined as ⩾10 mg/kg/8 weeks or 5 mg/kg/⩽4 weeks for infliximab and 40 mg/week for adalimumab. Patients must have had a colonoscopy, or magnetic resonance enterography (MRE) for patients with ileal or ileocolic Crohn's disease, within 3 months of study inclusion, and this baseline assessment must not show significant lesions (see definition in the section entitled 'Assessments').
Exclusion criteria include: age <18 years; receiving anti-TNF therapy for a non-IBD indication; Crohn's disease treated with anti-TNF agents for perianal involvement (or both perianal and luminal); no concomitant treatment with immunosuppressants (thiopurine or methotrexate) at the time of enrolment and within the prior 3 months; history of bowel resection surgery; presence of significant endoscopic or radiological lesions; advanced chronic disease or any other condition that results in an inability to attend the clinic for monitoring or follow up; women who are pregnant or breastfeeding, or who intend to become pregnant during the study period; and refusal to consent to study participation.
Endpoints
The primary endpoint of the study is 'sustained clinical remission at 1 year' after randomization. Any need for intensification of anti-TNF, modification of concomitant treatment, or therapy addition to maintain clinical remission is considered as failure to maintain remission. Clinical remission for patients with Crohn's disease is defined as a Crohn's Disease Activity Index (CDAI) score of <150 points, 14 while for patients with ulcerative colitis remission is defined as a Partial Mayo Score (PMS) of ⩽2, with all scores from the partial score being ⩽1, and a rectal bleeding subscore of 0. 14 Clinical relapse is defined as a CDAI > 150 points or a PMS > 2 (as applicable) in two consecutive visits, separated by at least 1 week. If a patient has a clinical relapse after randomization, the responsible physician will take any measure deemed necessary to manage the relapse.
Other endpoints include endoscopic activity, radiological activity, patient-reported outcomes, QoL, work productivity and safety.
Assessments
The timeline for study visits conducted at each blinded study visit is presented in Figure 2 .
Clinical activity assessment. Clinical activity was assessed at study visits ( Figure 2 ) using the CDAI in patients with Crohn's disease and the PMS in patients with ulcerative colitis.
Radiological assessment. In patients with ileal or ileocolic Crohn's disease participating in the study, disease activity is assessed by MRE at baseline and at the end of the study period. If the patient has had a previous MRE within 3 months of the baseline visit that contains all the information required for the study, that MRE can be used for study inclusion. Absence of activity in the small intestine or colon is defined as the absence of contrast enhancement, oedema, or ulcers. A thickening of the wall without enhancement is considered as remission. Significant radiological lesions by MRE are defined as the presence of oedema in T2 or ulcers in two or more intestinal segments (rectum, descending colon, transverse colon, ascending colon, ileum).
Endoscopic assessment. All patients participating in the study have to undergo a baseline colonoscopy, but if the patient had a colonoscopy within 3 months of the baseline visit and this contains all of the information required for the study, it will be acceptable for patient inclusion. A second colonoscopy will be performed in all patients at the end of the assessment period.
At each endoscopic assessment in patients with Crohn's disease, disease activity is being assessed using the Simplified Endoscopic Activity Score for Crohn's Disease (SES-CD), 15 with significant endoscopic lesions defined as the presence of any of the following: an SES-CD score of ⩾5, any deep ulcer, or superficial ulcers covering >10% of the surface of at least one intestinal segment. For patients with ulcerative colitis, endoscopic activity is being assessed using the Mayo Endoscopic Subscore; 16 a Mayo Endoscopic Subscore of 3 is considered to indicate the presence of significant endoscopic lesions in these patients. The assessment of endoscopic activity before study entry and at the end of follow up is being performed by the investigator, as well as centrally by an investigator who assesses anonymised endoscopic images of the ileum (in patients with Crohn's disease) and of each colonic segment scanned.
Patient-reported outcomes. Assessment of QoL is being undertaken using the shortened CCVEII-9 journals.sagepub.com/home/tag 5
QoL questionnaire 17 and assessment of work productivity and activity is being assessed using a Spanish version of the Work Productivity and Activity Impairment (WPAI) questionnaire. 18, 19 Laboratory assessments. Blood samples are being taken for haematology and biochemistry profiles, as well as cytokine profiling, drug (trough) levels and antidrug antibodies. In addition, faecal and urinary samples are being obtained at baseline and at every visit during follow up; biomarkers associated with IBD recurrence will be investigated in those samples.
Safety endpoints
Information on toxicity/adverse events (AEs) is being collected at all study visits via spontaneous patient reporting and patient interviews at each visit. AEs, adverse drug reactions (ADRs) and reports of pregnancy are being collected from the time the patient provides their informed consent until up to 30 days after the last dose of study drug or the last visit. All AEs and ADRs are assigned an intensity (mild, moderate or severe), and AEs are being classified by the principal investigator according to their causal relationship to the study drug (certain, probable, possible, conditional or unlikely, or unrelated). All AEs are being followed until their resolution or for at least 30 days after study drug discontinuation, until toxicity is ⩽1 or it is deemed irreversible. Similarly, any pregnancies occurring during the study will be followed and their outcomes recorded, in order to rule out any abnormalities or congenital malformations.
Data collection
Study data are being collected and managed using an electronic data capture tool [Research Electronic Data Capture (REDCap)], 20 which is hosted at Asociación Española de Gastroenterología (AEG; www.aegastro.es), a nonprofit medical society. AEG provides this service free of charge, with the aim of promoting investigator-driven research. REDCap is a secure, web-based application designed to support data capture for research studies that provides the following: an intuitive interface for validated data entry; audit trails for tracking data manipulation and export procedures; automated export procedures for seamless data downloads to common statistical packages; and procedures for importing data from external sources. 20 Figure 2 . Schedule of study visits throughout the study. 
Statistical analysis
Sample size calculation. We estimated that 194 patients (97 patients in each group) would be required to compare the effect of anti-TNF withdrawal versus continuation. This is based on the assumption that 10% of patients continuing anti-TNF treatment for longer than 1 year will experience a loss of efficacy at 1 year, 21 while the incidence of relapse after anti-TNF discontinuation is expected to be 25% at 1 year. 6 Therefore, 194 patients would be required to demonstrate statistically significant differences between the two strategies with 80% power at a 5% significance level.
Description of intention-to-treat and per-protocol populations.
Patients who meet the inclusion criteria and have been randomized are included in the intention-to-treat (ITT) analysis irrespective of whether they strictly adhere to the protocol. The per-protocol (PP) analysis will include only those patients who have completed treatment and follow up according to the protocol. Patients who provide signed informed consent but do not receive the first dose of study medication for any reason are being replaced to maintain the required sample size. Patients withdrawing due to pregnancy will be considered as failure in the ITT analysis, and as not assessable in the PP analysis.
Data presentation and analyses. Qualitative variables will be presented as percentages with 95% confidence intervals, while quantitative variables will be presented as means and standard deviations (normal distribution) or medians and interquartile ranges (non-normal distribution). Categorical variables will be compared using the Chi-square test and quantitative variables by the appropriate test for their distribution (Student's t test or Wilcoxon test). Mean and median time to relapse in the anti-TNF discontinuation versus continuation groups will be compared.
The Kaplan-Meier method will be used to evaluate recurrence-free time, and the log-rank test will be used to assess differences between the anti-TNF discontinuation or continuation curves. The variables associated with IBD recurrences following treatment discontinuation will be analysed using a Cox regression model, with treatment strategy (anti-TNF discontinuation versus continuation) as an independent variable, and including other factors possibly related to an increased recurrence risk, such as age, sex, smoking, type of IBD, infliximab trough levels and indication for anti-TNF treatment.
Discussion
The worldwide burden of IBD is significant, and is particularly high in Europe and North America. 22 According to a review of published epidemiological studies, the prevalence of Crohn's disease in Europe ranges from 1.51 cases per 100,000 people in Romania to 322.0 cases per 100,000 in Germany. 22 The prevalence of ulcerative colitis is slightly higher, ranging from 2.42 per 100,000 (again in Romania) to 505.0 per 100,000 in south-eastern Norway. 22 Overall, an estimated 0.3% of the European population is affected by IBD, equating to around 2.5-3 million people. 23 The onset of IBD is usually during adolescence or early adulthood, so there is considerable cumulative healthcare resource use associated with this disease over the lifetime of a patient. 24 Although for most patients, IBD follows a relapsing-remitting course, between 20% and 25% of European patients will have continuous chronic symptoms. 23 In addition, as many as 20-40% of patients with Crohn's disease and 15-20% with ulcerative colitis have extraintestinal manifestations, including arthropathies, ocular and skin conditions. 23 According to estimates by the ECCO, IBD was associated with direct healthcare costs of between €4.6 billion and €5.6 billion per year in 2013. 23 In addition to the direct healthcare costs, IBD is associated with lost productivity when patients are unable to work or pursue their education because of their symptoms. 23, 24 As well as impacting the patient economically, the inability to work has a significant negative effect on their QoL. 25 The introduction of biologic therapy has not only changed treatment patterns for IBD, but also the type of costs incurred. Before the widespread use of biologic therapy, hospitalization and surgery accounted for the greatest portion of treatment costs, but today medication makes up the greatest proportion of the total cost. 24 According to 2016 estimates, the cost of biologic therapy varies widely across Europe (the lowest annual cost per patient is approximately €6000 for an infliximab biosimilar). 26 In many European countries, 100% of these costs are borne by the public healthcare system; in others, most of the cost is borne by the public healthcare system, with patients contributing a small co-pay of 10-25%. 26 Therefore, it is important from a health economic perspective to determine whether these agents can be safely discontinued in patients who have achieved a stable remission. Furthermore, since long-term use of these agents can be associated with the risk of malignancy and opportunistic infections, 4 it is also important to determine whether discontinuation of anti-TNF agents can reduce such risks.
The current study was designed to provide robust evidence about the effect of anti-TNF discontinuation on the natural history of IBD. While studies and analyses exist demonstrating that a proportion of patients relapse after withdrawal of anti-TNF treatment following clinical remission, 5, 6, [8] [9] [10] [11] [12] identification of predictors of response and extrapolation of these data to the broader IBD population is hampered by different study designs, small populations, and variable results.
In addition, to the best of our knowledge there is currently no published randomized, controlled trial comparing patients continuing anti-TNF treatment with those discontinuing treatment.
The data obtained in this study will contribute to resolving some of the uncertainties remaining in this controversial aspect of IBD management.
In conclusion, no randomized clinical trial has yet been undertaken to compare the strategy of discontinuing anti-TNF treatment with maintenance of these drugs in patients with IBD. Therefore, it has not been possible to adequately compare the natural history of the condition in the absence versus presence of anti-TNF maintenance therapy, particularly since the latter group of patients may also experience disease relapses due to the loss of effectiveness of long-term anti-TNF treatment. The current study was designed to address the existing knowledge gap about the clinical impact of withdrawing anti-TNF therapy in patients with IBD who have achieved a sustained remission. By incorporating robust research techniques, including randomization, the use of a control group, and blinding, this study will provide important information on the management of patients with IBD and how to manage the growing burden of this illness within the constraints of a public healthcare system.
